Abstract: Chronic obstructive pulmonary disease (COPD) is a major cause of morbidity and mortality. The cornerstone of pharmacological treatment for COPD is bronchodilation. Inhaled glycopyrronium bromide is a long-acting muscarinic antagonist developed as a maintenance treatment for patients with COPD. Phase III trials have shown that glycopyrronium produces rapid and sustained bronchodilation with an efficacy similar to tiotropium and is well tolerated, with a low incidence of muscarinic side effects in patients with moderate to severe COPD. A combination of glycopyrronium bromide with indacaterol maleate (QVA149) has recently been approved as a once-daily maintenance therapy in adult patients with COPD. Phase III trials (the IGNITE program) with QVA149 have demonstrated significant improvements in lung function versus placebo, glycopyrronium, and tiotropium in patients with moderate to severe COPD, with no safety concerns of note. Hence QVA149 is a safe treatment option for moderate to severe COPD patients in whom long-acting muscarinic antagonist monotherapy is inadequate.
Introduction
Chronic obstructive pulmonary disease (COPD) is a prevalent disease caused by chronic airway and pulmonary inflammation, primarily as a result of persistent inhalation of toxic particles and gases in tobacco smoke. 1 The inflammatory process results in tissue repair, remodeling of the airways and lung parenchyma, and eventually loss of terminal and respiratory bronchioles followed by emphysematous destruction of the alveoli. 2 Clinically this manifests as progressive airflow obstruction that is not fully reversible. The symptoms of COPD are well described, including both respiratory and systemic symptoms, with associated comorbidities, especially cardiovascular disease and lung cancer. 1 Although components of the inflammatory pathway are therapeutic targets for ongoing drug development programs, the primary treatments for COPD do not address the underlying disease pathobiology, but rather the symptoms. 3 Bronchodilation is the central treatment aim, and inhaled bronchodilators are the primary pharmacological intervention. 4 Addition of an inhaled corticosteroid (ICS) is recommended as additional therapy for frequent exacerbations in more severe disease, although the evidence for improvement in lung function is questionable.
, GlaxoSmithKline, London, UK) was approved in Europe and the USA. The dry powder formulation of glycopyrronium bromide was developed for inhalation as a treatment for COPD under the compound code NVA237 (Seebri ® , Novartis, Basel, Switzerland) and is delivered through the low-resistance Breezhaler ® device. 6 Glycopyrronium was approved in late 2012 as a once-daily maintenance treatment in adults with COPD and was the first once-daily alternative to tiotropium.
Subsequently, glycopyrronium was further developed with indacaterol maleate to form the first fixed-dose LABA-LAMA combination QVA149 (Ultibro ® , Novartis). This was approved by the European Medicines Agency in late 2013 for the maintenance treatment of patients with moderate to severe COPD. Another LABA-LAMA fixed-dose combination was approved (umeclidinium-vilanterol, Anoro Ellipta, GlaxoSmithKline) by the US Food and Drug Administration and European Medicines Agency in December 2013 and May 2014, respectively, and others are in clinical development (eg, aclidinium-formoterol fumarate, Almirall).
The concept of dual bronchodilation with combination short-acting bronchodilators is well recognized, eg, the β 2 agonist and antimuscarinic combination inhaler containing ipratropium bromide-albuterol (Combivent ® ), which has been in use for many years. 7 For long-acting agents, a number of trials have assessed coprescribing of LABA and LAMA in separate inhalers. 8 Generally, these trials, conducted using tiotropium coprescribed with a number of LABAs, consistently found a greater effect on lung function with the combination than with single agents, with some benefit in patient-reported outcomes and no safety concerns apparent. [8] [9] [10] An important issue for both regulators and practicing clinicians is to understand any benefit of coadministration of a LAMA-LABA as the fixed-dose combination over LAMA monotherapy. Further, some centers in the UK have revised their prescribing practice and placed LABA-LAMA coprescribing ahead of combination LABA-ICS fixed-dose combinations. In this review, we attempt to address these issues and report and interpret the Phase III trial data available for glycopyrronium and QVA149 in both placebo-controlled and active-controlled studies for the treatment of COPD.
Relevant literature searches were conducted in PubMed to identify Phase III studies that compared glycopyrronium with placebo, tiotropium, and QVA149. Abstracts presented at international respiratory conferences, ie, the American Thoracic Society (2008-2013) and the European Respiratory Society (2008-2013), were searched, as was the website of the manufacturer/distributor of inhaled glycopyrronium (Novartis).
Pharmacology and pharmacokinetics
Glycopyr ronium (3-(2-cyclopentyl-2-hydroxy-2-phenylacetyloxy)-1,1-dimethyl-pyrrolidinium bromide), like other muscarinic antagonists, ie, ipratropium, tiotropium, and aclidinium bromide, is a synthetic quaternary ammonium congener of atropine with a distinct molecular structure ( Figure 1) . 11 Quarternization of the tertiary amino function minimizes oral bioavailability and blood-brain barrier permeability, and hence reduces systemic side effects if swallowed. 12 
Mechanism of action of muscarinic antagonists
Parasympathetic nerves are the predominant neural pathways in the airways and exert bronchoconstrictor, mucus secretory, and other localized effects via release of acetylcholine that acts on multiple muscarinic receptors. 13 The effects are regulated by G protein-coupled muscarinic M 1 and M 3 receptors as well as M 2 receptors. M 1 receptors have been located in the bronchus, fibroblasts, bronchial epithelial cells, and parasympathetic ganglia. M 2 receptors preferentially couple to the G protein G xo/i and function to counteract the β 2 adreno-receptor-mediated relaxant pathway by antagonizing the synthesis and accumulation of cyclic adenosine monophosphate (cAMP).
14 These channels are coupled to β 2 receptors via the G s signaling protein coupled to the G i signaling protein in the airway smooth muscle. This interaction may result in airway smooth muscle contraction via reversal of hyperpolarization mediated by the β 2 receptor and maxi-K + channels. M 2 receptors are located on presynaptic parasympathetic nerve endings at the neuromuscular junction with feedback inhibition of acetylcholine release and influence bronchial smooth muscle to counteract bronchodilation by inhibiting β 2 receptor-mediated cAMP production. The M 3 receptor preferentially couples to the heterotrimeric G protein, Gq11. This results in stimulation of phospholipase C and an elevation in intracellular calcium. The M3 receptor is the primary muscarinic receptor mediating bronchial and tracheal smooth muscle contraction despite its markedly lower expression when compared with M 2 receptors. Moreover, M 3 receptors are implicated in mucus secretion as well as vasodilatation in vascular smooth muscle cells via diffusion of nitric oxide synthesized in vascular endothelial cells.
Mechanism of action of glycopyrronium
Glycopyrronium acts as a highly potent, competitive muscarinic receptor antagonist that binds to muscarinic receptors in bronchial smooth muscle and inhibits acetylcholinemediated bronchoconstriction. Glycopyrronium binds with high affinity to M 1-3 receptors. It exhibits higher selectivity (4-5-fold) for M 1 and M 3 subtypes over M 2 , and shows faster dissociation from M 2 than from M 1 and M 3 .
15 Tiotropium shares similar characteristics, including a higher selectivity for M 3 receptors than for M 2 receptors, and tiotropium and aclidinium also dissociate more slowly from the M 3 receptor than from the M 2 receptor. There are some subtle differences when compared with tiotropium, shown in in vitro comparisons during the drug development process. Glycopyrronium exhibits greater binding selectivity for M 3 over M 2 receptors than tiotropium, and has higher kinetic selectivity and faster dissociation from M 2 receptors than from M 3 receptors when compared with tiotropium. 15 
Mechanism of action of QVA149
The molecular structure and mode and speed of action of indacaterol have been reviewed in detail previously. 16 Briefly, indacaterol is a long-acting β 2 adrenoceptor partial agonist with high intrinsic activity that stimulates intracellular adenylyl cyclase, which converts adenosine triphosphate to cAMP. 16 The resulting increased intracellular cAMP levels lead to relaxation of bronchial smooth muscle.
The pharmacological basis for any synergistic effect of the codelivery of LAMA and LABA is not fully characterized. Generally, it is hypothesized from in vivo and in vitro observations that interactions between adrenergic and cholinergic pathways can be expected, 
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Prakash et al including modulation of cholinergic neurotransmission by β 2 agonists, 17 and may potentially lead to synergistic effects. 18 Laboratory studies suggest that synergistic effects may occur via a variety of mechanisms: "cross talk" between β 2 adrenoceptors and muscarinic receptors that influences β 2 agonist-induced relaxation via activation of protein kinase C; 19 and β 2 agonists may indirectly release acetylcholine and amplify LAMA-induced bronchial smooth muscle relaxation. 20 The pharmacological profile and nonclinical evaluation of QVA149 is based essentially on data available for its individual components. A study reported in the European Medicines Agency regulatory submission employed car bachol as the contractile stimulus, and the relaxant effect induced by QVA149 was reported to be equivalent to the additive relaxant effect of indacaterol and glycopyrronium applied individually. 21 
Dosage, administration, and absorption
Each dry powder capsule contains 63 µg of glycopyrronium bromide, which is equivalent to 50 µg of glycopyrronium. Administered via the Breezhaler device, 5 each delivered dose (ie, the amount of drug that leaves the inhaler) contains 55 µg of glycopyrronium bromide, which is equivalent to 44 µg of glycopyrronium. 22 Glycopyrronium given via the Breezhaler is rapidly absorbed, reaching peak plasma levels at 5 minutes post-dose, 15 with an absolute bioavailability of about 45% of the delivered dose. About 90% of systemic exposure following inhalation is due to lung absorption and 10% is due to gastrointestinal absorption. 23 The dry powder capsule formulation of QVA149 was developed based on the glycopyrronium capsule; the amount of glycopyrronium is unchanged (63 µg of glycopyrronium bromide, which is equivalent to 50 µg of glycopyrronium). Combining the two bronchodilators in QVA149 results in an altered fine particle mass and fine particle fraction of indacaterol when compared with the profile of indacaterol monotherapy, and hence a dose reduction of the indacaterol component from 150 µg to 110 µg. 21 When administered via the Breezhaler, the delivered dose (the dose that leaves the mouthpiece of the inhaler) contains 110 µg of indacaterol maleate equivalent to 85 µg of indacaterol and 54 µg of glycopyrronium bromide equivalent to 43 µg of glycopyrronium. 21 Following inhalation of QVA149, the median times to peak plasma concentration of indacaterol and glycopyrronium are approximately 15 minutes and 5 minutes, respectively. 22 No differences in absorption, bioavailability, tissue distribution, and metabolism of glycopyrronium and indacaterol have been reported with either monotherapy or when combined in QVA149.
21

Clinical trial programs of glycopyrronium bromide and QVA149
The efficacy and safety profile of inhaled glycopyrronium (50 µg once daily) in patients with moderate to severe COPD was established in the GLOW (GLycopyrronium bromide in chronic Obstructive pulmonary disease airWays) program, which consisted of six Phase III randomized trials. GLOW-1 24 and GLOW-2 25 were the "pivotal" Phase III registrationtrack efficacy and safety studies and were of 26 weeks and 52 weeks in duration, respectively, and compared glycopyrronium with placebo (both studies) and open-label tiotropium (GLOW-2) delivered by the Handihaler ® device. These studies have been subject to a post hoc pooled analysis. 26 GLOW-3 was a 3-week, placebo-controlled crossover trial that evaluated the efficacy of glycopyrronium in improving exercise tolerance. 27 GLOW-4 assessed the long-term safety of open-label once-daily tiotropium versus glycopyrronium in Japanese patients with moderate to severe COPD. 28 GLOW-5 compared the efficacy and safety of glycopyrronium against blinded tiotropium over 12 weeks. 29 GLOW-6 was a double-blind, 12-week study comparing once-daily dual bronchodilation by coadministration of glycopyrronium and indacaterol (150 µg) with monotherapy comprising indacaterol (150 µg) in patients with moderate to severe COPD. 30 The primary and secondary outcomes assessed in these studies are summarized in Table 1 . [24] [25] [26] [27] [28] [29] [30] The clinical development program for QVA149, known by the acronym IGNITE (Indacaterol and GlycopyrroNium bromide clInical sTudiEs), comprises eleven randomized trials ranging in duration from 6 to 64 weeks that have enrolled more than 10,000 patients. Seven studies have been completed and published. The principal investigations of efficacy were the 26-week ILLUMINATE 31 and SHINE trials, 32 primarily focusing on lung function, and the 64-week SPARK 33 trial that assessed efficacy with respect to exacerbation frequency. Dyspnea and exercise tolerance were assessed in the 3-week BLAZE 34 and 6-week BRIGHT 35 trials, respectively. ENLIGHTEN 36 was a 52-week safety trial, and the BEACON 37 trial was a noninferiority study of bronchodilation at 4 weeks compared with coadministration of the monocomponents. Five trials from the IGNITE program have been subject to meta-analysis. 38 Details of these trials are provided in Table 2 .
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Use of glycopyrronium bromide in COPD 
Therapeutic efficacy of glycopyrronium: comparison with placebo Lung function
In GLOW-1 and GLOW-2, treatment with glycopyrronium was associated with superior trough forced expiratory volume in 1 second (FEV 1 ) at 12 weeks (primary endpoint) compared with placebo (∆=108 mL and ∆=97 mL, respectively; P,0.001). 24, 25 In the pooled analysis, the difference at week 26 was 125 mL. The findings in SHINE were consistent, with glycopyrronium at week 26 improving FEV 1 by a similar magnitude over placebo (∆=120 mL, P,0.001). 25 
Dyspnea
Breathlessness was assessed by the Transition Dyspnea Index (TDI) focal score (the lower the score, the more deterioration in severity of dyspnea). From baseline to week 26, TDI was significantly greater with glycopyrronium than with placebo in GLOW-1, GLOW-2, and SHINE (Table 3) . 24, 25, 32 The mean difference reached the betweengroup difference threshold for a minimum clinically important difference (MCID) of at least one point in GLOW-1. In responder analyses, significantly more patients receiving glycopyrronium compared with placebo achieved an MCID improvement in TDI focal score from baseline to end of study in the GLOW-1, GLOW-2, and SHINE studies (Table 3) .
Health status
Glycopyrronium was associated with a significantly lower St George's Respiratory Questionnaire (SGRQ) score than placebo after 26 weeks of treatment in GLOW-1 (∆= −2.81, P,0.01), but this between-group difference did not reach the threshold for a mean MCID of at least 4 points. 24 Significantly more patients treated with glycopyrronium reached the MCID than those on placebo (Table 3 ). In GLOW-2, the decrease in SGRQ scores from baseline to weeks 12, 26, and 52 were consistently superior in glycopyrronium-treated patients compared with placebo, 
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Use of glycopyrronium bromide in COPD but again did not reach the MCID (∆=−3.17, −3.38, −3.32, respectively; P,0.001). 25 In SHINE, glycopyrronium was not superior to placebo at week 26, and the responder analysis showed the proportion reaching the MCID was not significantly different from placebo. 32 
Exacerbations
In GLOW-1 and GLOW-2, glycopyrronium significantly reduced the time to first moderate (requiring treatment with systemic corticosteroids or antibiotics) to severe (requiring hospital admission or emergency treatment) COPD exacerbation by 31% over 26 weeks (hazard ratio 0.69, 95% confidence interval [CI] 0.500-0.949) and 34% over 52 weeks (hazard ratio 0.66, 95% CI 0.520-0.850) versus placebo. 24, 25 Rescue medication Glycopyrronium was associated with significantly less use of rescue medication than placebo in GLOW-1 and GLOW-2. However, the difference compared with placebo was not significant in SHINE (Table 3) . 24, 25 Lung volumes and exercise capacity Across GLOW-1 and GLOW-2, glycopyrronium resulted in a significantly higher inspiratory capacity than placebo at all assessed time points up to week 52. 24, 25 In GLOW-3, glycopyrronium resulted in superior mean exercise endurance time (primary endpoint) than placebo at day 21 (∆=88.9 seconds, P,0.001). 27 Glycopyrronium compared with placebo reduced lung hyperinflation as assessed by the inspiratory capacity at isotime during a constant-load cycle ergometry test which was significantly higher than placebo (day 21, 2.22 L versus 2.02 L, P,0.001).
Therapeutic efficacy of glycopyrronium: comparison with tiotropium and indacaterol Lung function
In GLOW-2 and GLOW-5, generally there were no differences between glycopyrronium and tiotropium in values for key spirometry-assessed parameters, except for a faster onset of action in favor of glycopyrronium. 25, 29 In SHINE, there was no difference in efficacy between glycopyrronium, tiotropium, and indacaterol, with the improvement in trough FEV 1 over placebo at week 26 (primary endpoint) being of similar magnitude (Table 3 ) and in peak FEV 1 values over placebo (∆=250 mL, ∆=240 mL, and ∆=230 mL, respectively; all P,0.001).
32
Dyspnea GLOW-2 reported no significant differences in TDI focal scores from baseline to week 12, 26, or 52 between glycopyrronium and tiotropium (Table 3) . 25 GLOW-5 findings were comparable, with no difference in improvements in TDI focal scores between glycopyrronium and blinded tiotropium at week 12 (∆= −0.188; not statistically significant). 29 In SHINE, statistically significant improvements in TDI scores versus placebo were observed with glycopyrronium and indacaterol at weeks 12 and 26. 32 A significantly greater proportion of patients treated with glycopyrronium or indacaterol achieved the MCID for TDI at week 26 than placebo; this was not the case for tiotropium (Table 3 ).
Health status
Both glycopyrronium and tiotropium were superior to placebo in SGRQ total score at weeks 12, 26, and 52, with no difference between glycopyrronium and tiotropium (Table 3) . 24, 25 GLOW-5 also reported a comparable SGRQ total score between glycopyrronium and tiotropium at week 12, with a treatment difference between glycopyrronium and tiotropium of 0.65 (not statistically significant; Table 3) . 29 In the SHINE study, the difference from placebo at week 26 was not different with indacaterol and tiotropium, and the proportion reaching the MCID was not different from placebo. 32 
Exacerbations
In GLOW-2, glycopyrronium (34%) and tiotropium (39%) were comparable, and both were superior to placebo in reducing the risk of exacerbations in terms of time to first moderate or severe exacerbation per year (Table 3) . 25 Similarly, in GLOW-5, no significant treatment difference was observed between glycopyrronium and tiotropium with respect to number of moderate or severe COPD exacerbations per year. 29 In SHINE, the number of patients experiencing an exacerbation was similar with glycopyrronium, tiotropium, and indacaterol (Table 3) . 32 
Rescue medication
The change from baseline in mean daily number of puffs of rescue medication was not different between glycopyrronium and tiotropium. 25, 29 The SHINE study showed less rescue medication use with indacaterol than with glycopyrronium (−0.65 versus −0.30, P=0.011). 32 
Lung volumes and exercise capacity
In GLOW-2, inspiratory capacity was comparable with that in the tiotropium group at almost all evaluated time 
118
Prakash et al points on day 1 and at weeks 12 and 52. 25 In GLOW-5, the inspiratory capacity was significantly higher with glycopyrronium versus tiotropium at 30 minutes and 2 hours post-dose on day 1 (∆=0.078 L, P,0.001; ∆=0.098 L, P,0.001, respectively). Inspiratory capacity 24 hours post-dose at week 12 was similar in both treatment groups (change from baseline 0.126 L versus 0.148 L for glycopyrronium and tiotropium, respectively, not statistically significant).
29
Safety profile of glycopyrronium as monotherapy
In GLOW-1, there were no safety concerns identified with the use of glycopyrronium when compared with placebo. The mean QTc interval did not differ significantly between glycopyrronium and placebo, although it should be noted that a prolonged interval (QTc .450 ms for males and .470 ms for females) was an exclusion criterion. 24 GLOW-2 confirmed the acceptable safety profile of glycopyrronium and showed it to be similar to that of open-label tiotropium (Table 4) . 25 Rates of adverse events were similar between the three study arms. Anti-muscarinic side effects, such as dry mouth, occurred at a low frequency in the three study arms. No deaths reported in GLOW-2 were considered to be related to the study medication. GLOW-3 found glycopyrronium to have a good safety profile, ie, adverse events (29.4%), broadly similar to that of placebo (24.5%). Most adverse events were mild to moderate in severity and considered unrelated to the study medication. 27 GLOW-4 showed a similar overall incidence of adverse events between glycopyrronium and tiotropium. 28 No significant changes in heart rate or prolongation of the QTcF were noted over the 52-week study period. The incidence of dry mouth was less frequent with glycopyrronium (1.6%) than with tiotropium (5%). As in GLOW-2 and GLOW-4, the overall incidences of adverse events in GLOW-5 were similar in the glycopyrronium (40.4%) and tiotropium (40.6%) groups. The most frequently reported adverse event was worsening of COPD, seen with a higher frequency in the tiotropium group (17.6%) when compared with the glycopyrronium group (15.3%). Other more frequently occurring adverse events were nasopharyngitis, headache, upper respiratory tract infection, and urinary tract infection, which occurred more frequently in the glycopyrronium group than in the tiotropium group. 29 Adverse events leading to discontinuation occurred in a comparable number of patients in both groups.
Therapeutic efficacy of QVA149: comparison with indacaterol, glycopyrronium, and tiotropium
Lung function
The 26-week SHINE study was designed to determine if QVA149 met the "combination rule", ie, that it was superior to its monocomponents, indacaterol and glycopyrronium; in addition, the study had placebo and active-control (openlabel tiotropium once daily) arms. 32 Trough FEV 1 at week 26 (primary efficacy endpoint) was significantly improved with QVA149 compared with the monocomponents indacaterol, glycopyrronium, and tiotropium (Table 4 and Figure 2A) . Moreover, at week 26, peak FEV 1 at 2 hours post-dose was superior for QVA149; with treatment differences of 170 mL, 150 mL, and 160 mL versus indacaterol, glycopyrronium, and tiotropium, respectively (P,0.001 for all treatment comparisons). In a meta-analysis across five trials (4,842 patients), the glycopyrronium-indacaterol combination group showed a significant increase in trough FEV 1 (70 mL; P,0.0001) when compared with the tiotropium group and glycopyrronium group. 38 This further confirms that QVA149 is superior to LAMA monotherapy.
Dyspnea
The primary objective of BLAZE was to demonstrate the superiority of QVA149 over placebo in improvement of patient-reported dyspnea, as assessed by a novel, self-administered Basal Dyspnea Index/TDI score after 6 weeks, with superiority over tiotropium as a key secondary objective. 34 BLAZE found that, after 6 weeks, the TDI total score was significantly improved with QVA149 and achieved the MCID versus placebo, and was superior to tiotropium ( Table 4) . As a secondary endpoint, SHINE showed that the TDI focal score was significantly improved with QVA149 at week 26 and achieved the MCID versus placebo, and was superior to tiotropium ( Figure 2B ). 32 The meta-analysis by Rodrigo et al reported that the combination of QVA149 compared with tiotropium was associated with a 19% greater likelihood of a MCID in TDI, with a number needed to treat for benefit of 11.
38
Health status
In the SHINE study, QVA149 significantly improved SGRQ scores at week 26 compared with placebo and tiotropium, but with no significant difference versus indacaterol and glycopyrronium (Table 4 and Figure 2C ). 32 Moreover, more patients 
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Prakash et al receiving QVA149 achieved the MCID of 4 compared with those receiving tiotropium, although no marked differences were noted versus indacaterol and glycopyrronium. Also, the proportion of patients experiencing major improvements in these scores (TDI $3 points and SGRQ .8 points) was also significantly higher with QVA149, over tiotropium for the former and over tiotropium and glycopyrronium for the latter. In the SPARK study, although the responder analyses with SGRQ for MCID were not significant, substantial improvement (.8 points on the SGRQ scale) was significantly higher for QVA149 than glycopyrronium (46.0% versus 38.7%; P=0⋅013) and tiotropium (46.0% versus 37.3%; P=0.006).
32
Moreover, patients administered QVA149 compared with tiotropium were reported to be 16% more likely to achieve an MCID assessed by the SGRQ, with a number needed to treat for benefit of 11. 38 Similarly, a significant increase was found in the number of patients achieving an MCID on the SGRQ in favor of QVA149 compared with glycopyrronium monotherapy, with a number needed to treat of 12.
38
Exacerbations SPARK was a 64-week, randomized trial of QVA149 compared with glycopyrronium (double-blind), or open-label tiotropium. 33 The primary objective was to demonstrate superiority of QVA149 compared with glycopyrronium for the rate of moderate or severe COPD exacerbations during the treatment period and over tiotropium as a secondary objective. Exacerbations were defined as mild if self-managed by the patient, moderate when requiring treatment with systemic corticosteroids or antibiotics or both, or severe when requiring hospital admission or emergency treatment. QVA149 significantly reduced the annualized rate of moderate to severe exacerbations versus glycopyrronium by 12% Figure 2D ). The 10% reduction compared with tiotropium was not statistically significant.
Lung volumes and exercise capacity
BRIGHT was a 3-week, randomized trial that evaluated QVA149 versus placebo and tiotropium on exercise tolerance, hyperinflation, lung function, and volumes in patients with moderate to severe COPD. 35 At day 21, QVA149 significantly improved inspiratory capacity during exercise (at isotime), compared with both placebo (∆=0.32 L, P,0.001) and tiotropium (∆=0.13 L, P,0.01), and with significant improvements in trough inspiratory capacity of 0.19 L (P,0.01) and 0.14 L (P,0.01), respectively. QVA149 improved exercise endurance time (by 59.5 seconds) compared with placebo (P=0.006) but not compared with tiotropium.
Therapeutic efficacy of QVA149:
comparison with salmeterolfluticasone ILLUMINATE was a 26-week randomized trial that compared QVA149 with twice-daily salmeterol-fluticasone 50/500 µg (administered via the Accuhaler ® device) in exacerbation-free (no history in the previous year) patients with moderate to severe COPD. 31 QVA149 was associated with a significantly higher FEV 1 AUC 0-12 h than salmeterol-fluticasone (∆=138 mL, P,0.0001). There was a significant increase in TDI focal score at weeks 12 and 26 with QVA149 (Table 4) . At week 26, significantly more patients treated with QVA149 achieved the one-point MCID in TDI. QVA149 patients used significantly less rescue medication and daytime rescue medication (∆=−0.32, 95% CI −0.52 to −0.13; P=0.0013) versus patients receiving salmeterol-fluticasone. SGRQ total scores improved in both arms, with no between-group differences, but there were significant improvements in breathlessness scores favoring QVA149.
Safety profile of glycopyrronium when combined with indacaterol (QVA149)
Across the seven Phase III indacaterol (QVA149) trials, the safety profile was shown to be similar to that of placebo and the component LAMA and LABA monotherapies. [31] [32] [33] [34] [35] [36] [37] A pooled 6-month safety analysis was performed from three placebo-controlled and active-controlled Phase III studies (SHINE, ILLUMINATE, ENLIGHTEN), also including interim 6-month data from ARISE, to give a total population of 3,153 patients with moderate to severe COPD. 39 There was no evidence of any increased risk of cardiocerebral vascular events (cardiac arrhythmias and QTcF prolongation) with QVA149 versus all comparators. A similar lack of increased serious and major adverse events have been reported in a meta-analysis. 40 
Dual bronchodilation: essential considerations and perspectives
Direct comparisons between treatments are often not available in clinical medicine. Because of the requirements of the regulators, the relatively large clinical trial programs for glycopyrronium bromide and QVA149 included headto-head comparisons that provide useful comparative data for once-daily mono and dual bronchodilation. This unique data set allows certain conclusions to be drawn with respect to treatment algorithms in COPD and raises interesting issues that need addressing in subsequent studies.
The comparison of lung function with QVA149 and glycopyrronium found that the effect of dual bronchodilation was not synergistic, with the improvements in FEV 1 actually being less than additive. This conclusion is somewhat inconsistent with earlier 8 albeit limited trials of coprescribing of the monotherapies, which had suggested that there may be more than an additive effect, and that any pharmacological interaction between the different receptor-activated pathways is limited.
Despite the lack of synergy, the improvement in bronchodilation supports the current Global Initiative for Chronic Obstructive Lung Disease (GOLD) recommendation of using LABA-LAMA dual bronchodilation as a treatment option in GOLD B, C, and D stages. It also suggests that the current National Institute for Health and Care Excellence guidelines, which recommend a step up from monotherapy to dual bronchodilation only when the initial treatment was a LABA, and then if ICS are declined or not tolerated, are now due for revision. However, in relation to patient experience and patient-reported outcomes, and to exacerbations, the findings of the individual trials suggest the superiority of QVA149 is not so clear, and raise questions not only about the impact dual bronchodilation has in terms of clinically relevant endpoints, but also about the concept of MCID and whether the measure of MCID for patient-reported outcomes remains valid when the comparator is an active treatment rather than placebo. Indeed, given the view that the beneficial effect of bronchodilators is "intrinsically limited by the nature of the disease", 18 the expectation is that "the mean magnitude of 
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Prakash et al differences between one and two bronchodilators cannot be huge". 18 However, another important consideration of benefit is the view that, in a polyphenotypic disease such as COPD, it is preferable to consider individual patient response through responder analyses, ie, providing the proportion of patients in which the treatment effect reached the MCID rather than providing an average treatment effect. This approach is commonly used in other chronic diseases that have different phenotypic expressions, eg, type 2 diabetes.
Finally, the IGNITE trial program offers insights into the relative efficacy of QVA149 against the guidelinerecommended combination LABA-ICS. An immediately obvious limitation of the ILLUMINATE trial is that the patients selected were exacerbation-free in the year before trial entry. This research found that in this selected population, which included mainly patients (80%) with moderate COPD, QVA149 resulted in greater improvements in lung function, as well as in dyspnea and rescue medication use, but not in health-related quality of life. These results are encouraging, but further studies are required in patients with severe COPD and a recent history of exacerbations.
Conclusion
Optimized bronchodilation is an important treatment goal in COPD management, and a number of new anticholinergics have been approved in the last year. The approval of QVA149, a fixed-dose combination of glycopyrronium and indacaterol, has provided the first insights into the potential benefits of combining a LABA and a LAMA in the same inhaler. The rationale for combining these drugs was clear and, coupled with once-daily dosing of two drugs in a single inhaler with a fast onset of effect, suggested the potential for further benefit in terms of patient adherence. Reviewing the totality of evidence for glycopyrronium and QVA149 Phase III studies shows that there are no major clinical differences between glycopyrronium and tiotropium and that QVA149 provides superior lung function improvement over LAMA monotherapy, but the extent of the improvement in lung function is more limited than expected and no synergy was shown. There were no additional safety issues with QVA149 over its monocomponents. The data to date firmly suggest a place for QVA149 as an important treatment option in patients with moderate to severe COPD that is not adequately controlled by LAMA monotherapy before escalation to LABA-ICS. Moreover, with the licensing and late-stage assessment of other dual bronchodilators, patients will not only have options available for inhaler devices but also flexibility in the dosing regimen.
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